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DESCRIPTION 

METHOD OF MANUFACTURING cjlRCUTT BOARD 

TECHNICAL FIEU > 
The present invention relates to a methocjl of manufacturing a circuit 
board having circuit patterns on both surfaces. 



INVENTION 



25 



NO. 0794 P. 32 



anc 



BACKGROUND OF THE 
As electronic instruments have recently 
densities, multi-layer circuit boards have 
industrial instruments but also in consumer 

Such circuit boards require a method of i 
on plural layers through an inner via-hole 
Japanese Patent Laid-Open Publication 
conventional method of manufacturing a multi 
inner via-hole made of conductive paste, 
manufacturing a circuit board having four 

First, a method of manufacturing a double 
substrate of the multi-layer circuit board will 
6G are sectional views showing processes of 
manufacturing the double-sided circuit board 

Pre-preg sheet 101, a substrate, is 
including a core and thermosetting epoxy 
The core is made of non- woven fabric, such as 
has a thickness tlOl of 150pm compressed * 
35%. Pre-preg sheet 101 employs a porous 



layei s 



been small and had high 
been required not only in 
instruments. 

.ntercortnecting circuit patterns 
a highly-reliable structure. 
No.6-268345 discloses a 
Layer circuit board having an 
'he conventional method of 

will be described, 
-sided circuit board used as a 
>e described. Fig. 6Ato Fig. 
the conventional method of 



made 



re3in 



of a composite material 
impregnated in the core, 
aromatic polyamide fiber, and 
i a compression rate of about 
material having vacancy for 
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obtaining a compressive property. 

Fig. 6A shows pre-preg sheet 101 having both surfaces onto which 
releasing films 102a and 102b are bonded, respectively. Respective surfaces 
of releasing films 102a and 102b are coated wi 
5 The films are made of film, such as polyethylene terephthalate film, 
Through-hole 103 is formed in predetermined positions of pre-p re £ sheet 101 
by a laser machining method, as shown in Fig. 

filled with conductive pastel04 by a printing method, as shown in Fig. 6C. 
Then> releasing films 102a and 102b are peeled off from the surfaces of 
10 pre-preg sheet 101, as shown in Fig. 6D. Metal foils 105a and 105b are 
placed on the surfaces of pre-preg sheet 101, and are heated and pressurized 
by hot press, as shown in Fig. 6E. Thus, thic tness tl02 of pre-preg sheet 
101 is reduced to about lOOum, and pre-preg sheet 101 is bonded to metal 
foils 105a and 105b, as shown in Fig. 6F. M< tal foils 105a and 105b are 
15 electrically connected via conductive paste 104 £ Llling through-hole 103. 

Metal foils 105a and 105b is selectively et :hed to form circuit patterns 
106a and 106b, thus providing a double-sided ci :cuit board shown in Fig. 6G. 

Fig. 7A to Fig. 7D are sectional views shov ing the conventional method 
of manufacturing a multi-layer circuit board Laving four layers as will be 

20 described below. 

First, as shown in Fig. 7A, double-sided circuit board 110 having circuit 

patterns 106a and 106b is prepared, and pre'] 
having through-holes 103 filled with conduc 
Double-sided circuit board 110 is manufactured by the processes shown in 
25 Fig. 6A to Fig. 6G, and pre-preg sheets 101a and 101b are manufactured by 
the processes shown in Fig. 6A to Fig. 6D. 

Then, metal foil 105b, pre-preg sheet 10] 



preg sheets 101a and 101b 
ive pa8tel04 are prepared. 



b, double-sided circuit board 
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110, pre-preg sheet 101a, and metal foil 105a ore positioned and stacked in 
this order on a laminated plate (not shown), as s iown in Fig. 7B 

Then, metal foil 105b, pre-preg sheet 1011 
110, pre-preg sheet 101a, and metal foil 105a ar ? heated and pressurized by 
5 hot press. Thus, as shown in Pig. 7C, pre-pre J sheets 101a and 101b are 
compressed to have thickness tl02, and are boided to double-sided circuit 
board 110 and metal foils 105a and 105b. Circuit patterns 106a and 106b 
are electrically connected to metal foils 105a anjd 105b via conductive paste 
104, respectively. 

10 As shown in Pig. 7D, metal foils 105a and l{05b are selectively etched to 

form circuit patterns 106a and 106b f thus provi ling four-layer circuit board 
120. 

A multi-layer circuit board having more 
six-layer circuit board, is obtained by repeating 
15 7A to Fig. 7D using four-layer circuit board 120 



Fig. 7A to Fig. 7D instead of double-sided circuit board 110 

In the case that the through-hole has a smiU diameter and is arranged 
adjacent to another through-hole by a small pitc h for providing a fine circuit 
board, the conventional method of manufacturing the circuit board has the 

20 following problem. 

The pre-preg sheet made of porous material has a vacancy to be 
compressed. When the volume ratio of the vacancy to the pre-preg sheet is 
large, a portion of the conductive paste intend! to be put into the vacancy. 
The resistance of the conductive paste in the hole accordingly increases, and 

25 electrical insulation between the conductive pastes in the adjacent 
through-hole may be hardly obtained. Therefore, a material having small 
porosity may preferably used, but the materijd having the small porosity 



ihan four layers, such as a 
the processes shown in Fig. 
obtained by the processes of 
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cannot be compressed at a high compressed rate. 
Fig. 8A and Fig. 8B are sectional views of 
the conventional method. 

Fig. 8A shows pre-preg sheet 101 having 
5 In Fig. 8A, pre preg sheet 101 is sufficiently 
impregnated into pre-preg sheet 101 flows in 
conductive paste 104 does not flow out of through 
resistance. 

In Fig. 8B, pre-preg sheet 101 has a 
10 compressed rate, e.g. smaller than 10%. A 
paste 104 decreases during heating and 
104 may flow as denoted by flow 115. A contacting 
particles in conductive paste 104 accordingly 
When the resin in pre-preg sheet 101 
15 pressurizing and flows in surface direction D101 
out of through-hole 103. The contacting for 
particles in conductive paste 104 accordingly 
resistance of a portion of conductive paste 104 
the connection resistance between metal foils 
20 increases, thus causing a quality of the circuit 
In order to solve this problem, the me 
having a core and a resin impregnated into the 
then heated for a predetermined time at a 
softening temperature of the resin while 
25 predetermined pressure, and then heated for 
second temperature higher than the first 

In this method, the processes at the firsl 



the circuit board formed by 



compression rate of 35%, 
compressed before resin 
direction D101, so that 
hole 103 and has a stable 



ugh porosity and a small 
rate of conductive 
, and conductive paste 
force between conductive 



temperature 



NO. 0794 P. 35 



dc creases 



]n 



decreases. 

m^lts due to the heating and 
, conductive paste 104 flows 
;e between the conductive 
thus increasing the 
through-hole 103. Then, 
105a and 105b accordingly 
to decline, 
foil and a pre-preg sheet 
are stacked, and they are 
temperature close to a 
being pressurized by a 
a predetermined time at a 

and pressurized, 
temperature to the second 



board 



3tau 



core 



first 
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10 



20 



temperature are executed continuously, so that 
during the processes is restricted. Specifically, 
varies to the second temperature, the rate of 
temperature at which the resin in the pre-preg s 
reduced due to a delay of heat conduction thorough 
such as a cushioning material or a SUS plate, 
rise may not reach a predetermined rate. In 
resin during molding is not sufficiently secured 
can hardly be molded especially when the 
high. 



rate of a temperature rise 
when the first temperature 
the temperature rise at a 
leet melts and flows may be 
an intermediate material, 
Hie rate of the temperature 
other words, fluidity of the 
, so that the pre*preg sheet 
of the melting resin is 



viscosity 



SUMMARY OF THE INVE MTION 
A pre-preg sheet including a substrate an< 
substrate is provided. A first metal foil is placed 
15 provide a laminated body. The laminated 

having a temperature maintained at a temperature 
temperature of the resin. The laminated 
temperature at a predetermined pressure. Thn 
the pre-prcg sheet of the laminated body anc 
providing a circuit board. 

This method provides a stable resistance 
through-hole in the pre-preg sheet to be compre 



BRIEF DESCRIPTION OF THU DRAWINGS 
25 Fig. 1A is a sectional view of a double-sided circuit board for showing a 

method of manufacturing the board in accordance with an exemplary 
embodiment of the present invention, 



a resin impregnated in the 
on the pro-preg sheet to 
is put in a heating device 
close to a softening 
body is compressed at the 
first metal foil is bonded to 
hardening the resin, thus 



Qf 



a conductive paste filling a 
eed at a small rate. 
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Fig. IB is a sectional view of the double-sided circuit board for showing 
the method of manufacturing the beard in accord ance with the embodiment. 

Fig. 1C is a sectional view of the double-sid 2d circuit board for showing 
the method of manufacturing the board in accorc ance with the embodiment, 
5 Fig. ID is a sectional view of the double"sidad circuit board for showing 

the method of manufacturing the board in accorc ance with the embodiment. 

Fig. IE is a sectional view of the double-sid 3d circuit board for showing 
the method of manufacturing the board in accorc ance with the embodiment. 

Fig. IF is a sectional view of the double-sid *d circuit board for showing 
10 the method of manufacturing the board in accorc ance with the embodiment. 

Fig. 1G is a sectional view of the double-sid 3d circuit board for showing 
the method of manufacturing the board in accorc ance with the embodiment. 

Fig. 1H is a sectional view of the double-sid 3d circuit board for showing 
the method of manufacturing the board in accorc ance with the embodiment. 
15 Fig. 2A shows a method of measuring a res in state of a pre-preg sheet 

in accordance with the exemplary embodiment. 

Fig. 2B shows the state of a resin in a pre-p] eg sheet in accordance with 
the embodiment. 

Fig. 3 shows a profile of the pre-preg shee ; upon being compressed in 
20 accordance with the embodiment. 

Fig. 4 shows another profile of the pre-preg sheet upon being 
compressed in accordance with the embodiment. 

Fig. 5 shows a further profile of the rre-preg sheet upon being 
compressed in accordance with the embodiment. 
25 Fig. 6A is a sectional view of a double-sidec circuit board for showing a 

conventional method of manufacturing the board , 

Fig. 6D is a sectional yiew of the double-sid 3d circuit board for showing 
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the conventional method of manufacturing the b<pard 

Fig. 6C is a sectional view of the double-si 
the conventional method of manufacturing the b<{ard, 

Fig, 6D is a sectional view of the double 
the conventional method of manufacturing the be 

Fig. 6E is a sectional view of the double 
the conventional method of manufacturing the bc|ard 

Fig. 6F is a sectional view of the double- 
the conventional method of manufacturing the bqard, 

Fig. 6Q is a sectional view of the double-i 
the conventional method of manufacturing the bejard. 

Fig. 7A is a sectional view of a four-layer 
conventional method of manufacturing the board 

Fig. 7B is a sectional view of the four-layelr 
the conventional method of manufacturing the bqard. 

Fig. 7C is a sectional view of the four-layet 
the conventional method of manufacturing the bojard. 

Fig. 7D is a sectional view of the four-layeb 
the conventional method of manufacturing the board. 

Fig. 8A is a sectional view of the circuit 
conventional method. 

Fig. 8B is a sectional view of the circuit 
conventional method. 



REFERENCE NUMERALS 



1 Pre-preg Sheet 
la Pre-preg Sheet 
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sid id circuit board for showing 
b b( ai 

-sided circuit board for showing 
ard. 

-sidfcd circuit board for showing 
d. 

sided circuit board for showing 
a beard. 

sided circuit board for showing 
be ard. 

circuit board for showing the 

circuit board for showing 
rd. 

circuit board for showing 
rd. 

circuit board for showing 
rd. 

I oard manufactured by the 
toard manufactured by the 
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ID 


x re preg oneet 




XvQlacLSlIlg J? HILL 


OK 
£U 


W SSI AACimfT lw'i I vyi 

.Releasing r um 


Q 

o 


inxougn fioie 


0 4 


LK)n&ucwve raste 


5a 


Metal Foil 


5b 


Metal Foil 


6a 


Circuit Pattern 


6b 


Circuit Pattern 


10 6c 


Circuit Pattern 


6d 


Circuit Pattern 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Fig. lAto Fig. 1G are sectional views of a double-sided circuit board for 
15 showing a method of manufacturing the bosrd in accordance with an 
exemplary embodiment of the present invention, 

Pre-preg sheet 1 is made of a composite material substrate la of a fiber 
sheet, such aa non-woven fabric of aromatic polyamide fiber and 
thermosetting epoxy resin lb impregnated into the non-woven fabric. The 
20 non-woven fabric has a size of 250mm by 250 nm and has a thickness of 
about HOiim. The epoxy resin has a softemnf temperature of 70°C and a 
minimum melting viscosity of 10O0Pa« s. The composite material is heated 
and pressurized by hot press to have a thickn* ss of about lOOiim, and the 
resin is at a B stage (semi-hard state), 
25 Conductive paste 4 filling through-hole £ 



kneading three rolls of 85wt.% of conductive filler, I2.5wt,% of thermosetting 
epoxy resin having no solvent, and 2.5wt.% of aijil' 



is produced by sufficiently 

l2.5wt,%ofthermosettii 
liydride hardening agent, 
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The conductive filler is Cu powder having a i average grain size of 2jim, 
and may be powder of Au, Ag, or an alloy of them. 

The viscosity of the thermosetting epoxy refein at softening and melting 
is the smallest at temperatures lower than 70°C 
5 The softening temperature of the thermos€ tting epoxy resin contained 

in conductive paste 4 is preferably lower than 
epoxy resin impregnated into pre-preg sheet 1. 

As shown in Fig. 2A, resin 52 was put into cell 51. Resin 62 was 
heated while a pressure of 5MPa was applied 
10 Displacement 54 of piston 53 provided when resip 52 was softened and flows 
due to the heating was measured. 

Pig. 2B shows displacement 54 of piston S3. Temperature range Rl 
from softening temperature Tl (65°C) to meltirig temperature T2 (85°0 of 
resin 52 ia a softening range of resin 52, and the j esin is soft but hardly flows 
within this range. In this softening range, pre-preg sheet 1 is easily 
compressed, so that temperature range Rl is adequate for a compressing 



that of the thermosetting 



process. The temperature range from melting 



140°C is flowing/hardening range R2 where resin 52 flows to proceed a 
hardening reaction. Since the resin flows, phis temperature range is 
adequate for a molding process. 

The method of manufacturing the circuit b >ard in accordance with the 
embodiment will be described below. Processes 
are the same as conventional processes aho^n in Fig. 6A to Fig. 6E, 
respectively, and the descriptions of Fig. 1A to Fife. IE are omitted. 



Comparative Example 1 

As shown in Fig. 6E, copper foils 105a and 
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10 



room 



181 



I8nm were placed on pre -prog sheet 101 at a 
laminated body 181. Ten sets of laminated bocjies 
stainless mirror plate having a thickness of aboujt 

As shown in Fig. 6F, laminated body 
vacuum hot pressing machine, heated, and 
temperature profile Tpl and temperature Tbl o: 
moment, A temperature-rising rate of the refeiri 
within flowing/hardening range R2 was 
laminated body 181 was pressurized at a pressure 
molded. 



temperature to provide 
181 were installed on a 
1mm over a setting plate, 
was then mounted on a 
pressurized. Fig. 3 shows 
: the laminated body at this 
of laminated body 181 
to be 5°C/min M and 
of 5MPa in range Rl to be 



determined 



105b having thicknesses of 



Comparative Example 2 

As shown in Fig. 6E, copper foils 105a and 
18um were placed on pre-preg sheet 101 at a room temperature to provide 
15 laminated body 181. Ten sets of laminated bocies 181 were installed on a 
stainless mirror plate having a thickness of about 1mm over a plate- 
As shown in Fig. 6F, laminated body 181 vas then mounted on a hot 
pressing machine, heated, and pressurized, 
profile Tp2 and temperature Tb2 of the laminjated body at this moment. 
20 Laminated body 181 was pressurized at a pressure of 5MPa in resin 
softening range Rl to be molded. 

A temperature-rising rate of temperature profile Tp2 in 
flowing/hardening range R2 was 5°C/min., namely, the same as that of 
temperature profile Tpl shown in Fig. 3, but th s temperature-rising rate of 
25 temperature Tb2 of laminated body 181 was 3°Cymin. 

Example 1 
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As shown in Fig. IE, copper foils 5a and 6b having thicknesses of 18iim 
were placed on pre-preg sheet 1 at a room temperature to provide laminated 
body 81. Ten sets of laminated bodies 81 were placed on a stainless mirror 
plate having a thickness of about 1mm over a pis te 

Laminated bodies 81 over the plate wei 
machine, pressurized at a pressure of 5MPa for 
out. Here, the hot pressing machine was a 
having a temperature maintained at 70°C. 

Next, as shown in Fig. 1F> laminated body 
temperature profile Tpl shown in Fig. 3 by a vaiuum hot pressing machine, 
pressurized at a pressure of 5MPa within resin lowing/hardening range R2 
to be molded. 

Laminated body 81 may be heated at 80°<j! by a dryer as the heating 
device and put into the vacuum hot pressing mac 

By this method, a predetermined temperat jre-rising rate of laminated 



e put into a hot pressing 
LO minutes, and then taken 
leating/pressurwing device 

81 was heated according to 



body 81 was obtained by even if temperature 
intermediate material, such as the stainless j 
machine as a heating/pressuri2ing device. 



Example 2 

As shown in Fig. IE, copper foils 105a and 
18um were placed on pre-preg sheet 1 to provide 
as shown in Fig. 1H, each of 10 sets of laminatefl 
between stainless mirror plates 83 having 
was installed on a plate. Stainless mirror 



plapes 

were previously heated at 80°C by a dryer. 

Then, laminated body 81 was put into a vj-jcuum hot pressing machine 



rising delayed due to an 
late, and the hot pressing 



105b having thicknesses of 
laminated body 81. Then, 
bodies 81 was sandwiched 
thicknesses of about 1mm, and 
83, a laminating device, 
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and heated according to temperature profile Tpl 
pressurized at a pressure of 5MPa within resin 
to be molded. 

By this method, a predetermined temperature 
laminated bodies 81 was obtained even if the temperature 
due to the stainless plate as the heating device o: 



Example 3 

As shown in Fig. IE, copper foils 5a and 5b 



shown in Pig. 3, and was 
lowing/hardening range R2 

-rising rate of in 
rising was delayed 
an intermediate material. 



having thicknesses of 18pm 



10 were placed on pre^preg sheet 1 at a room temperature to provide 10 sets of 
laminated bodies 81. Laminated body 81 was placed on a stainless mirror 
plate having a thickness of about 1mm. 

Laminated body 81 was then put into a vafiuum hot pressing machine, 
heated, and pressurized. Fig. 5 shows temperature profile Tp3 and 

15 temperature Tb3 of laminated body 81 at this :noment. A temperature of 
laminated body 81 was maintained at 70°C witl in resin softening range Kl 
for 10 minutes, compressed at 5MPa, and then cooled to a temperature not 
higher than 50°C. The temperature-rising rate of temperature profile Tp3 
in resin flowing/hardening range R2 was determined to be 5°C/min. 

20 Figs. 3 to Fig. 5 show only temperature pre files Tpl, Tp2, and Tp3 and 

temperatures Tbl, Tb2 and Tb3 of laminated bodies 81 and 181 f and exclude 
temperature profiles, pressure profiles, and vac uum pressures in the resin 
hardening range and during cooling. Within resin hardening range R2, the 
laminated bodies of all of comparative examples 1 and 2 and examples 1 to 3 

25 were maintained at 200°C for about 60 minutes to harden the resins, and 
then cooled. 

o I 

During a process of compressing laminated bodies 81 and 181 of 
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in 



of examples 



101 



we: «e 



examples 1 to 3 and comparative example 2, the 
the conductive paste is softened, and has a 
value. Thus, conductive paste 4 can deform 
compressed slowly. 

A contacting force between Cu particles i 
increase when the thermosetting cpoxy resin 
from through-hole 3 to the copper foils. 

After laminated bodies 81 and 181 
example 2 were compressed, copper foils 5 a, 5b, 
off for observation of pre-preg sheets 1 and 
resins in conductive pastes 4 and 104 diffuse in 
105b, and that pre-preg sheets 1 and 101 
thicknesses reduced. 

The resistances of conductive pastes 4 and 
103 in the double-sided circuit boards (Pig. 1G] 
boards manufactured by the methods of examp 
example 2 are about 20% smaller than 
comparative example 1. Comparative example 
temperature-rising rate in the molding process 
20 not sufficiently flow, and a whitening phe 
pre-preg sheet 101 was confirmed. 

According to observation of peripheries of 
boards of examples 1 to 3, no outflow of 
visually. 

In the boards of examples 1 to 3, the 
filling through-holes 3 is stable even in pre-preg 
a small rate, hence providing a circuit 



thermosetting epoxy resin in 
viscosity reaching the smallest 
by any pressure and be 



the conductive paste can 
(including no solvent) diffuses 



is 1 to 3 and comparative 
105a and 105b were peeled 
It was confirmed that 
copper foils 5a, 6b, 105a, and 
slightly molded to have 



was 



NO. 0794 P. 44 



nomenon. 



104 in through-holes 3 and 
and the four-layer circuit 
ee 1 to 3 and comparative 
of the circuit board of 
2, however, exhibited the 
small, and the resin does 
, a molding failure, of 



through-holes 3 of the circuit 
conductive paste 4 was confirmed 

resistance of conductive paste 4 
sheet 1 to be compressed at 
boEujd having a high quality. 
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rais .ng 



lami&ating 



According to this embodiment, the board may be 
and the compression are executed simultaneously, 
effects. Thus, the limitations to molding facilities 
or function and melting characteristics of the 
and the pre-preg sheet can be removed- 

Therefore, a temperature profile 
executed under a non-continuous heating 
incorporated into a general pressing profile in 
providing similar effects and increasing productivity. 

Laminated body 81 is mounted in a heating 
or in a heating/pressurizing device hot pressing, 
body 81 is formed using a laminating device whic|h 
the heating/pressurizing device and the 
according to a capacity of a productive facility 
15 laminated body 81, thereby improving the 
quality. 

According to this embodiment, pre-preg 
material including a non-woven fabric made of 
a thermosetting epoxy resin impregnated in the 

20 sheet 1 at a B-$tage may be manufactured by 
of woven fabric as a fiber sheet with a resin 
thermosetting resin. 

Pre-preg sheet 1 may be at a B-stage where 
fabric or non-woven fabric of glass fiber is im; 

26 mainly containing thermosetting resin. In part: 
compressed at a small rate as shown in Fig, IF 
pre-preg sheet 1 at the B-stage including fabric 



molded after the lamination 
\ thus providing similar 
having different capacity 
press intermediate material 



corresponding to compression 
a temperature may be 
the molding process, thus 
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device, such as a furnace, 
and is heated. Laminated 
is heated. At least one of 
device can be used 
or a capacity of providing 
productivity and stabilizing the 

sh$et 1 is made of a composite 
aromatic polyamide fiber and 
fabric. However, pre-preg 
regnating a substrate made 
naterial mainly containing 



pregnated 



a fiber sheet of woven 
with a resin material 
cular, pre-preg sheet 1 to be 
ha$ a larger effect. When 
mainly made of glass fiber 
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and thermosetting resin impregnated in the fab cic is compressed at a small 
rate smaller than, e.g., 10%, the resistance of conductive paste 4 in 
through-holes 3 is about 30% smaller than that cf the comparative examples. 
The four-layer circuit board is explained as ti e multi-layer circuit board 
according to the embodiment. However, a mulci- layer circuit board having 
more than four layers provides similar effects. Thus, the present invention 
is not limited to the material and conditior i of each examples. The 
laminating process, compressing process, and n olding process according to 
the embodiment provides similar effects. 

The limitations to the molding facility and the melting characteristics 
of the intermediate material for pressing and the pre-preg sheet can be 
removed. The present embodiment is effective especially for pre-preg sheet 
1 having through-holes 3 filled with conductive oaste 4, and the viscosity of 
the resin for securing conduction may not necess xrily be adjusted precisely. 

The laminating process and compressing process may be 
simultaneously executed and the molding process may then be executed, 
thus providing similar effects. The temperature profile corresponding to 
the compressing process may be independently incorporated into a general 
press profile in the molding process, which provides similar effects- 
According to the embodiment, the compres sing process of heating and 
pressurizing the pre-preg sheet for a predetermined time at a predetermined 
pressure at a temperature close to the softening temperature of the 
impregnated resin is executed before the 
adhesiveness and flatness of different kinds 
pre-p r eg sheet and the conductive circuit pattern 
the circuit board, can be improved- Since th< outflow of the conductive 
paste during the melting of the resin of the pre-preg sheet is reduced by 
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molding process. Thus, 
of materials, such as the 
placed on the metal foils or 



PAGE 46/53 » RCVD AT 7/18/2007 6:59:54 PM [Eastern Daylight Time] 1 SVR:USPTO-EFXRF-1/0 ■ DNIS:2738300 * CSID:202 721 8250* DURATION (mm-ss):13-08 



Best Available Copy 



JUL. 18. 2007 8:08PM 



PCT/JP2004/017743 



16 



lowering the temperature to not higher than 
the resin, the connection resistance is stable. 

Since pre-preg sheet 1 id heated, pressurise 
predetermined time at the predetermined pressure 
5 to the softening temperature of the impregnate i 
the adhesive force of different kinds of materials , 
and the conductive circuit pattern placed on tl 
board can be improved, and the board can be flattened. 
Upon pre-preg sheet 1 being compressec 

10 conductive paste 4 is first pressurized selectively 
and 5b securely, and the resin of conductive paste 
metal foils 5a and 5b to increase the contacting 
particles of conductive paste 4. This prevents 
paste 4 due to the melting of the resin of pre-prep; 

15 resistance of conductive paste 4. 

The softening temperature of the 
paste 4 may be lower than that of the resin in 
allowing the viscosity of the melting resin in 
namely, a range in which the resin is soft bu 

20 Pre-preg sheet 1 can be easily compressed, and 
the conductive particles of conductive paste 4 
deformation of pre-preg sheet 1 due to the m 
sheet 1 is reduced, thereby reducing resin flow a^id 
conductive paste 4. 

25 The softening of the resin in conductive p4ste 

viscosity of conductive paste 4 is close to the sma 
paste 4 easily diffuses on the surface of metal 



the softening temperature of 
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d, and compressed for the 
at the temperature close 
resin before the molding, 
such as the pre-preg sheet 
e metal foils or the circuit 
»ned. 

before the molding, only 
and contacts metal foils 5a 
4 diffuses on surfaces of 
force between conductive 
the outflow of conductive 
sheet l,and stabilizes the 



thermo 3etting 



resin in conductive 
pre-p*eg sheet 1. A range 
-preg sheet 1 to be large, 
hardly flows is provided, 
contacting force between 
can be increased. Further, 
of the resin in pre-preg 
preventing the outflow of 



pre 



the 



eltlng 



4 is facilitated, and the 
lest, the resin in conductive 
foils 5a and 5b, and the 
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contacting force between the conductive particles of conductive paste 4 can 
be increased. 

Pre-preg sheet 1 is in the B-stage, thereby ; ncreasing the adhesive force 
against metal foils 5a and 5b. 

The substrate of pre-preg sheet 1 may emp loy a non- woven fabric made 
of aromatic polyamide fiber, thereby increasing n mechanical strength of the 
circuit board and reducing the weight of the circuit board. This allows 
through-hole 3 to have a small diameter, and stabilizes the resistance of 
conductive paste 4 filling through-hole 3, thus providing a the high-quality 
circuit board. 

The substrate of pre-preg sheet 1 ma> employ woven fabric or 
non*woven fabric of glass fiber. This material increases a mechanical and 
physicochemical strength of the circuit board, and stabilizes the resistance of 
the conductive paste filling through-hole 3 in 
when the sheet is compressed at a small rate 
providing a high-quality circuit board. 

Pre-preg sheet 1 is heated and pressurized : or a predetermined time at 
a predetermined pressure at a heating temperature close to the softening 
temperature of resin lh impregnated into pre-pieg sheet 1, preventing the 
resin of pre-preg sheet 1 from flowing. This effect is remarkable especially 
for pre h preg sheet 1 including substrate la of voven fabric or non-woven 
fabric of glass fiber to be compressed at a relatively small compression rate 
not higher than 10%. 

Pre-preg sheet 1 is compressed at a temperature close to the softening 
temperature of resin lb impregnated into pre-preg sheet 1, and than, 
laminated body 81 is molded at a temperature higher than this temperature. 



]5re-preg sheet 1 especially 
in its thickness direction, 



This operation increases an adhesive force betwec 



n the layers and stabilizes 
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the resistance of the conductive paste, thus providing a high-quality circuit 
board. 

When laminated body 81 is heated at a temperature close to the 
softening temperature of resin lb impregnated into pre-preg sheet 1 and 
5 then heated at a temperature higher than this temperature, namely a 
temperature in the resin flowing/hardening range, the adhesive force 
between the layers can be improved. 

Laminated body 81 is heated at a temperature close to the softening 
temperature of resin lb impregnated into pre-pieg sheet 1, is then heated to 
10 a temperature higher than this temperature, namely a temperature in the 
resin flowing/hardening range, and is further heated to a hardening 
temperature of resin lb higher than the 
flowing/hardening range, thereby increasing the 
layers, stabilizing the resistance of the conduc ; 
15 high-quality circuit board. 

Resin lb impregnated into pre-preg sheet 1 
the temperature range from 50°C to 130°C is so: 
temperature range from 65°C to 85°C, and flows 
within a temperature range from 85°C to 1 tO°C. This resin enables 
20 pre-preg sheet 1 to be easily compressed and molded and provides sheet 1 
including the resin flowing easily. This resin stabilizes the resistance of 
conductive paste 4 filling through-hole 3 in pre-p reg sheet 1 compressed at a 
small compression rate, providing a high-quality circuit board. 

When laminated body 81 is temporarily takan out of the heating device 
25 or the heating/pressurizing device, laminated body 81 may be cooled to have 
a temperature not higher than the softening teraj erature of resin lb. Then, 
the adhesive force between different lands of naterials, such as pre-preg 



temperature in the resin 
adhesive force between the 
;ive paste, and providing a 

having a softening range in 
:t but hardly flows within a 
and starts being hardened 
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sheet 1 and circuit patterns 6a and 6b On copper foils 5a and 5b or the circuit 
board can be increased, and the circuit board can be flattened. Laminated 
body 81 is cooled to a temperature not higher thin the softening temperature 
of resin lb, thereby preventing the outflow of conductive paste 4 during the 
melting of the resin of pre-preg sheet 1 and stabilizing the resistance of the 
conductive paste. 

Laminated body 81 is heated by the heating device, such as a furnace, 
and then, taken out to have its temperature c ecreased, thus improving a 
quality and productivity. 

INDUSTRIAL APPLICABILITY 
In a circuit board manufactured by a method according to the present 
invention, the resistance of a conductive paste filling a through- hole is stable 
even in a pre-preg sheet compressed at a small c impression rate. 



15 
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